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LIQUID AND LOW MELTING COATINGS FOR STENTS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is a continuation-in-part of co-pending U.S. patent 
Application Serial No. 09/991,235, filed 10/22/01, entitled "Stent Coatings 
Containing HMG-CoA Reductase Inhibitors," which is hereby incorporated herein by 
5 reference in its entirety. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention generally relates to coated stents, compositions for 
coating stents, methods of making coated stents, and methods of using coated stents. 

10 Description of the Related Art 

Stents are often used in the treatment of atherosclerosis, a disease of the 
vascular system in which arteries become partially, and sometimes completely, 
occluded with substances that may include lipids, cholesterol, calcium, and various 
types of cells, such as smooth muscle cells and platelets. Atherosclerosis is a very 

15 common disease which can be fatal, and methods of preventing the accumulation of 
occluding compounds in arteries are being investigated. 

Percutaneous transluminal coronary angioplasty (PTCA) is a commonly used 
procedure to break up and/or remove already formed deposits along arterial walls. 
PTCA can also be used to treat vascular occlusions not associated with 

20 atherosclerosis. During PTCA, a catheter is threaded through a patient's arteries until 
the occluded area to be treated is reached. A balloon attached to the end of the 
catheter is then inflated at the occluded site. The expanded balloon breaks up the 
mass of occluding substances, resulting in a more open arterial lumen. However, 
there is a risk that the artery may re-close within a period of from one day to 

25 approximately six months after the procedure. This re-closure is known as restenosis. 
Accordingly, a balloon-only angioplasty procedure often does not result in a 
permanently reopened artery. To prevent restenosis, scaffolding devices called stents 
are often deployed in the lumen of the artery as a structural support to maintain the 
lumen in an open state. Unlike the balloon and the catheter used in an angioplasty 
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procedure, the stent remains in the artery as a permanent prosthesis. Although 
technically feasible, removal of the stent from the artery is generally avoided. 

Stents are typically elongated structures used to keep open lumens (i.e., 
openings) found in various parts of the body. Stents are usually implanted by 
5 coupling them in a compressed state to a catheter which is routed through the body to 
the site of stent deployment. The stent can be expanded to a size, which enables it to 
keep the lumen open by direct contact with the wall of the lumen once it is positioned 
at the desired site. 

Blood vessels are common sites of stent deployment. Vascular stents are 
10 frequently used in blood vessels to open the vessel and provide improved blood flow. 
The stents are typically hollow, cylindrical structures made from struts or 
interconnected filaments. Vascular stents can be collapsed to a reduced diameter so 
that the stent can be guided through a patient's arteries or veins to reach the site of 
deployment. Stents are typically either coupled to the outside of the balloon for 
15 expansion by direct contact with the expanding balloon or are self-expanding upon 
removal of a restraint such as a wire or sleeve maintaining the stent in its collapsed 
state. 

The stent is allowed to expand at the desired site to a diameter large enough to 
keep the blood vessel open. Vascular stents are often made of metal to provide the 

20 strength necessary to support the occluded arterial walls. Two of the preferred metals 
are Nitinol alloys of nickel and titanium, and stainless steel. Other materials that can 
be used in stents are ceramics, polymers, and plastics. Stents may be coated with a 
substance, such as a biodegradable or biostable polymer, to improve the 
biocompatibility of the stent, making it less likely to cause an allergic or other 

25 immunological response in a patient. A coating substance may also add to the 
strength of the stent. Some known coating substances include organic acids, their 
derivatives, and synthetic polymers that are either biodegradable or biostable. 
Biodegradable coating substances can degrade in the body; biostable coating 
substances do not. A problem with known biodegradable and biostable stent coatings 

30 is that both types of coatings are susceptible to breaking and cracking during the 
temperature changes and expansion/contraction cycles experienced during stent 
fabrication and use. 



SBI-095 



2 



Stents located within a lumen in the body may not always prevent partial or 
complete restenosis. In particular, stents do not always prevent the re-narrowing of an 
artery following PTCA. In fact, the introduction and presence of the stent itself in the 
artery or vein can create regions of trauma such as, e.g., tears in the inner lining of the 
5 artery, called the endothelium. It is believed that such trauma can trigger migration of 
vascular smooth muscle cells, which are usually separated from the arterial lumen by 
the endothelium, into the arterial lumen, where they proliferate to create a mass of 
cells, which may in a matter of days or weeks re-occlude the artery. The resulting re- 
occlusion of the artery, which is sometimes seen after PTCA, is an example of 
10 restenosis. Coating a stent with a substance to make the surface of the stent smoother 
jjj and to minimize damage to the endothelium has been one method used to create stents 

z. that are less likely to contribute to restenosis. 

=j Currently, drug therapy for restenosis primarily consists of the systemic 

g administration of drugs. However, delivering drugs in this manner may result in 

1 5 undesirable side effects in other areas of the body unrelated to the vascular occlusion, 
y Also a drug which is delivered systemically is less effective in achieving the desired 

2 effect in the local area of the body in which it is actually needed. For example, an 

3 anti-restenosis drug delivered systemically may be sequestered or metabolized by 
other parts of the body, resulting in only a small amount of the drug reaching the local 

20 area where it is needed. 

Stents with bioactive compounds or drugs in or on their coatings have been 
proposed. Typically, such coatings comprise a polymeric carrier and an active drug 
or anti-restenosis agent. One class of drugs that can be used in stent coatings is 
restenosis inhibitors. Although a number of drugs have been shown to be candidates 

25 to reduce restenosis rates in cardiovascular stents, there remains a need for coatings 
which can be shown to actually release the restenosis inhibiting compounds in their 
active forms. Further, there is a need for carriers for use in coated stents, which can 
carry drugs and release them in a sufficient concentration to produce the desired 
effect. In particular, there is a need for such stents, which can inhibit restenosis. 

30 One problem with the biodegradable carriers currently proposed for 

incorporation in coatings for stents and angioplasty balloons is that, because they are 
invariably solids at body temperature and below, they may degrade into fragments 
which can be sharp. These fragments can damage the endothelium, and thus 
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contribute to restenosis. There is thus a need for stents (and other medical devices 
such as angioplasty balloons) having biodegradable coatings, and particularly carriers 
used in such coatings, that do not break down into harmful fragments. Furthermore, 
there is a need for such coatings which contain bioactive compounds that can be 
5 released a carrier to provide localized drug delivery at the site of the stent. Coatings 
which can release a high dose of bioactive compound quickly, and thus prevent or 
treat an unhealthy condition as quickly as possible, are also desired. 

SUMMARY OF INVENTION 

Broadly, the invention relates to coated stents, methods of making coated 

10 stents and methods of using coated stents. At least certain embodiments of the 
invention provide a coated stent comprising a stent having a coating composition that 
includes a biologically active component and a biodegradable, low-melting carrier 
component. Accordingly, in one embodiment, the invention provides a stent having a 
coating composition comprising a biologically active component and a biodegradable 

15 carrier having a melting point of about 50°C or less, more preferably about 45°C or 
less. More particularly, the biodegradable carrier component has a melting point of 
from about 10°C to about 50°C, more preferably from about 35°C to about 45°C. In 
other specific embodiments, the invention provides a coated stent comprising a stent 
and a coating composition that includes a bioactive component and a biodegradable 

20 liquid carrier component having a viscosity of from about 0.1 to about 15,000 
centipoise, and more preferably from about 0.1 to 5000 centipoise (cP). In yet 
another specific embodiment, the invention includes a stent with a coating 
composition that is in a solid state at room temperature (22°C) outside a human body 
and that melts to form a liquid inside a human body. 

25 Coating compositions according to the present invention are preferably 

hydrophobic. More preferably, the biodegradable carrier component of the coating 
composition is hydrophobic. The carrier component is also preferably biocompatible. 
The biodegradable carrier may comprise a polymer. When the biodegradable carrier 
comprises a polymer, the polymer preferably has a molecular weight of 50,000 or 

30 less, more preferably 5000 or less, and even more preferably 2000 or less. The carrier 
polymer may be selected from the group consisting of polyhydroxy acids, 
polyanhydrides, polyphosphazenes, biodegradable polyamides, polyalkylene oxalates, 
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polyorthoesters, polyphosphoesters, polyorthocarbonates, and blends or copolymers 
thereof. Alternatively, and more preferably, the carrier comprises a non-polymer and 
is preferably entirely non-polymeric. For example, the carrier component may 
comprise vitamin E or its derivatives, oleic acid, peanut oil, or cottonseed oil, alone or 
5 in combination. 

Preferably, the biologically active component is capable of inhibiting 
restenosis. The biologically active component may be selected from the group 
consisting of paclitaxel, actinomycin D, rapamycin, cerivastatin and other statin 
drugs. Preferably, those components are released from a stent in an amount effective 

10 to inhibit restenosis. 

In certain specific embodiments, the coated stent comprises a stent and a 
coating composition comprising a biodegradable or biostable carrier component. 
Where the biodegradable or biostable carrier is itself a biologically active component, 
the carrier should have a melting point of about 50°C or less. 

15 In another aspect, the invention can include a method of coating a stent. A 

specific embodiment of the method includes providing a coating composition that 
includes a biologically active component and a biodegradable carrier component that 
has a melting point of about 50°C or less, and applying the coating composition to the 
stent. In another specific embodiment, the invention includes a method that 

20 comprises providing a coating composition that includes a biologically active 
component and a biodegradable carrier component which has a viscosity of from 
about 0.1 to about 15,000 cP, and applying the coating composition to the stent. 

In another embodiment, a method of coating a stent may comprise expanding 
the stent to an expanded position before applying the coating composition to the stent. 

25 The coating composition may be applied to the stent in any number of ways, e.g., by 
spraying the coating composition onto the stent, by immersing the stent in the coating 
composition, or by painting the stent with the coating composition. Other coating 
methods such as electrodeposition can also be used. In one embodiment, excess 
coating composition is allowed to drain from the stent. In another embodiment, the 

30 stent is dried after the coating composition is applied to the stent to provide a solid 
coating composition. In preferred embodiments, the coating is applied with the 
bioactive component dissolved in the carrier component. In alternative embodiments, 
the carrier component may be applied to the stent and the bioactive component 
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applied to the carrier. In another alternative embodiment, the bioactive component 
may be applied to the stent and the carrier component applied to the bioactive 
component. 

In one or more specific embodiments, the invention can include a treatment 
5 method, comprising inserting a coated stent into a body lumen of a person, the coated 
stent comprising a stent and a coating composition comprising a biodegradable carrier 
component and a biologically active component, the biodegradable carrier component 
having a melting point of about 50°C or less, more preferably 45 °C or less. In other 
specific embodiments, the coated stent provides a stent and a coating composition 

10 comprising a biodegradable carrier component and a biologically active component, 
the carrier component having a viscosity of from about 0.1 to about 15000 cP, or from 
about 0.1 to about 5000 cP. In yet another specific embodiment, the coated stent 
comprises a stent and a coating composition that comprises a biodegradable carrier 
component and a biologically active component, and the coating composition (or at 

1 5 least the carrier component thereof) is in a solid state outside of a human body and a 
liquid inside of a human body. 

In another aspect, the invention can include a treatment method, comprising 
attaching a stent to a catheter, spraying the catheter and the stent with a coating 
composition comprising a biodegradable carrier component, and a biologically active 

20 component having a melting point of about 50°C or less, and inserting the coated stent 
into a body lumen of a person. 

In another aspect, the invention can include a coated stent, comprising a stent 
and a coating composition comprising a biologically active component and a 
biodegradable carrier component which may have a melting point of about 50°C or 

25 less, and a catheter which can be coupled to the coated stent to form a treatment 
assembly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-section of an artery experiencing restenosis in the presence 
of an uncoated stent. 
30 Figure 2 is a cross-section of an artery containing a coated stent. 

Figure 3 is a stent. 

Figure 4 is a UV-VIS spectra of cerivastatin released from a stent coating. 



SBI-095 



6 




Figure 5 is a release profile of cerivastatin released from a stent coating. 
Figure 6 is a release profile of cerivastatin released from a stent coating. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

An exemplary artery 10 experiencing restenosis is shown in Figure 1. The 
5 endothelium 12 normally serves as a solid barrier between the layer of smooth muscle 
cells 14 and the arterial lumen 20. Small tears 16 in the endothelium 12 can expose 
smooth muscle cells 14, which can then migrate into the arterial lumen 20 and 
hyperproliferate into a mass 18 which can partially or completely occlude the lumen 
Li 20 even though an uncoated stent 21 is placed, during a procedure such as 

O 10 angioplasty, in the artery 10 to keep the arterial lumen 20 open. 

LI An artery 10 containing a coated stent 22 prepared according to an 

ft embodiment herein is shown in Figure 2. The stent has a coating 24 containing a 

Jp carrier and a bioactive compound which inhibits restenosis. By using a stent having 

this coating 24, the tears 16 shown in Figure 1 in the endothelium 12 may be reduced 
Fll 15 or eliminated. Additionally, the mass 18 created by hyperproliferation of smooth 

M: muscle cells 14, as shown in Figure 1, is eliminated or substantially reduced. 

£7 Figure 3 illustrates a stent 21 suitable for use in connection with the present 

invention. In one embodiment, the stent 21 comprises a hollow reticulated tube. The 
tubular body of stent 21 is defined by a number of filaments or struts 25 which 
20 surround open cells 26. The stent 21 comprises an inner surface 27 facing the interior 
of the stent and an outer suface 28 facing the exterior. In a preferred embodiment, a 
coating (not shown) covers both the inner surface 27 and the outer surface 28. In 
alternative embodiments, the coating may cover only the inner surface, only the outer 
surface, or portions of one or both of the inner and outer surfaces. The coating may 
25 aggregate at the intersection of filaments 25. In a preferred embodiment, the coated 
stent 22 is made out of a metal or metal alloy, such as titanium, tantalum, stainless 
steel, or nitinol. 

At least certain embodiments of the invention include a coated stent 
comprising a stent and a coating composition that includes a biologically active 
30 component and a biodegradable carrier component having a melting point of about 
50°C or less. Preferably, the biodegradable component has a melting point of from 
about 10°C to about 50°C, and most preferably, from about 35°C to about 45°C. In 
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other specific embodiments, the invention provides a coated stent comprising a stent 
and a coating composition comprising a bioactive component and a liquid 
biodegradable carrier component that has a viscosity of from about 0.1 to about 15000 
cP, and more preferably, from about 0.1 to about 5000 cP. In yet another specific 
5 embodiment, the invention includes a stent with a coating composition that is in a 
solid state at room temperature (22°C) a human body and that melts to form a liquid 
inside a human body at body temperature (37°C). 

In a preferred embodiment, the coating 24 (Figure 2) is made by mixing 
together a biologically active component (e.g., a restenosis-inhibiting agent) and a 

10 carrier in which the biologically active component is soluble. In a particularly 
preferred embodiment, the carrier is a liquid oil that adheres to the inner and outer 
surfaces 27, 28 of the stent 21 (Figure 3). In other embodiments, the carrier 
comprises a low-melting polymer dissolved in a solvent, which is then removed by, 
e.g., drying, to yield a solid coating composition comprising the polymer and 

15 bioactive component, which may comprise a restenosis inhibiting agent such as an 
HMG-CoA reductase inhibitor. 

As discussed, the coated stent of this invention includes a stent and a coating 
composition. The coating composition described herein is preferably a blend of a 
biologically active component and a biodegradable low-melting carrier component. 

20 The terms "biologically active" and "bioactive" refer to a substance having an effect 
on a living organism. See generally, Merriam Webster's Collegiate Dictionary (10 th 
ed., 2001). Preferably, the effect of a bioactive compound is therapeutic in nature. The 
term "biodegradable" as used herein refers to a substance that breaks down into non- 
toxic byproducts which are eliminated by the body. The term "low-melting" refers to 

25 a composition having a melting point of 50°C or less. Carrier compositions having 
melting points below 50°C allow liquid-form delivery of a bioactive component to a 
body lumen either with no heat at all (because the composition is a liquid at body 
temperature) or with relatively benign heating without denaturing or other harm to the 
patient. In another embodiment, the coating composition is a blend of a bioactive 

30 component and a low-melting carrier comprising a biodegradable component, a 
biostable component, or both. In yet another embodiment, the coating composition is 
a liquid carrier that is biodegradable or biostable. 
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In addition to stents, examples of other medical devices that can be coated in 
accordance with aspects of the inventions disclosed herein include catheters, heart 
valves, pacemaker leads,, annuloplasty rings and other medical implants. In other 
specific embodiments, coated angioplasty balloons and other coated medical devices 
5 can also comprise one of the coating compositions disclosed herein. However, stents 
are preferred. The coating composition may be applied to the stent (or other medical 
device) by any number of ways, e.g., by spraying the coating composition onto the 
stent, by immersing the stent in the coating composition, or by painting the stent with 
the coating composition. Preferably, a stent is coated in its expanded (i.e., enlarged 
jja* 1 0 diameter) form so that a sufficient amount of the coating composition will be applied 

to coat the entire surface of the expanded stent. When the stent is immersed in the 
SJ coating composition, the excess coating composition on the surface of the stent may 

rt be removed, such as by brushing off the excess coating composition with a paint 

HF brush. In each of these coating applications, preferably both the outer and inner 

M* 1 5 surfaces of the stent are coated. 

Lr; An important aspect of the coating compositions of the present invention is the 

H melting point of the biodegradable component. Preferably, the biodegradable 

lI component has a melting point of 50°C or less, and more preferably from about 35°C 

to about 45°C. The term "melting point" refers generally to the temperature at which 
20 a pure substance's crystals are in equilibrium with the liquid phase at atmospheric 
pressure. See generally, Hawley's Condensed Chemical Dictionary (11 th Ed., 1987). 
Whenever melting points are discussed or referred to herein in quantitative terms, the 
melting point is measured according to differential scanning calorimetry or other 
standard methods shown in analytical or organic chemistry textbooks (see, e.g., 
25 Analytical Chemistry Handbook, Section 15, J. A. Dean, McGraw-Hill, Inc., 1995). 

Another important aspect of certain embodiments of the invention is the 
biodegradable carrier component. In a preferred embodiment of this invention, the 
carrier component of the coating composition is or includes one or more non- 
polymeric, biodegradable compounds or materials, which either contain no polymers 
30 at all or contain essentially no polymers. For example, the carrier component should 
contain less than 50% by weight polymer, preferably less than 25 wt% polymer, more 
preferably less than 10 wt%, and most preferably less than 1 wt% polymer material. 
The biodegradable carrier component is preferably homogeneous (single phase) and 
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may comprise a mixture of components that exist together as a solution, but which 
may alternatively be a multiple phase blend. Examples of preferred non-polymeric 
biodegradable carriers include liquid oleic acid, vitamin E, peanut oil, and cottonseed 
oil, which are liquids that are both hydrophobic and biocompatible. As used herein, 
5 the term "biocompatible" means any material that is not harmful to and preferably 
does not cause an immunological response in a living body, e.g., a living human 
being. As used herein, the term "polymer" means a macromolecule having recurring 
carbon-containing units, formed by a human-initiated or controlled polymerization 
reaction using monomers as reactants. The term "non-polymer" means any material 
10 that is not a polymer, including carbon-based materials such as naturally occurring 
Q oils. 

I3 Although non-polymeric carriers are preferred, the biodegradable carrier may 

W also comprise a polymer. In one embodiment, the carrier comprises one or more 

JE biodegradable polymers, in which case it preferably consists essentially of one or 

15 more biodegradable polymers. In one embodiment, these polymers include low- 
ly melting polyhydroxy acids. Examples of polyhydroxy acids suitable for use in the 
iu present invention include poly-L-lactic acids, poly-DL-lactic acids, polyglycolic 
acids, polylactides including homopolymers and copolymers of lactides (including 
lactides made from all stereoisomers of lactic acids, such as D-, 1 -lactic acid and meso 
20 lactic acid), polylactones, polycaprolactones, polyglycolides, polypara-dioxanone, 
poly 1 ,4-dioxepan-2-one, poly 1 ,5 -dioxepan-2-one, poly 6,6-dimethy 1- 1 ,4-dioxan-2- 
one, polyhydroxyvalerate, polyhydroxybutyrate, polytrimethylene carbonate, and 
blends of the foregoing, it being understood that the polymers have molecular weights 
such that their melting points are 50°C or less. Polycaprolactones suitable for use in 
25 the present invention include low-melting, low molecular weight moieties of 
polycaprolactones such as poly s-caprolactone), polyvalerolactones such as poly5- 
valerolactone), and polybutyrolactones such as poly(A.-butyrolactone). Other 
biodegradable polymers that can be used in carriers of the present invention are low- 
melting, low molecular weight moieties of polyanhydrides, polyphosphazenes, 
30 biodegradable polyamides such as synthetic polypeptides such as polylysine and 
polyaspartic acid, polyalkylene oxalates, polyorthoesters, polyphosphoesters, and 
polyorthocarbonates. The biodegradable polymers may be linear or branched. The 
biodegradable polymers may be homopolymers or terpolymers including random 
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copolymers or block copolymers. Copolymers and blends of any of the listed 
polymers may be used. Polymer names above that are identical except for the 
presence or absence of parentheses represent the same polymers. 

The structure and molecular weight of polymers used as biodegradable carriers 
5 in the present invention can be controlled during their synthesis in order to produce 
polymers that are liquid either at ambient temperatures (from 20°C to 30°C) or room 
temperature (about 22°C) or that have low melting points. In a preferred embodiment, 
the melting point of the biodegradable polymers is above 30°C but below typical 
human body temperature, i.e., 37°C. It is contemplated that a polymer with a melting 

10 point above 37°C will not turn to liquid while or shortly after the stent is being 
inserted into the body. A biodegradable polymer having the desired melting point is 
preferably a polymer having a low molecular weight, e.g., a polymer having a 
molecular weight of less than about 2000, and preferably less than about 1000. High 
molecular weight polymers which are liquid at room temperature may also be used, 

15 however, such as certain polyorthoesters described in US Patent 4,913,903, which is 
hereby incorporated by reference herein in its entirety. Methods for making specific 
biodegradable polymers having the melting points, viscosities, and/or molecular 
weights described herein are known and will not be described herein. Conventional 
polymers having the desired melting points or viscosities can be obtained from 

20 Sigma- Aldrich. Examples of such polymers are shown in Table 1 . 



Table 1 

Commercially available polymers (Sigma- Aldrich, St. Louis, MO) that can be 
used in coating applications 





Molecular 


Melting 


Physical appearance 


Substance Name 


weight 


point/softening 


at ambient 




(Dalton) 


point (°C) 


temperature 


Polycaprolactone diol 


2000 


50 


Solid 


Polycaprolactone diol 


530 


35 


Paste/waxy solid 


Polycaprolactone triol 


900 


30 


Paste/waxy solid 


Polycaprolactone triol 


300 


10 


Liquid 



25 As used herein, the terms "liquid" and "solid" are defined according to their 

broadest recognized definitions. Unless stated otherwise, a material is determined to 
be a "liquid" or "solid" at room temperature, i.e., 22°C. The term "liquid," when 
referring to carriers and coating compositions according to the present invention, 
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includes a fluid (as water) that has no independent shape but has a definite volume, 
does not expand indefinitely and is only slightly compressible. The term "liquid" also 
includes any amorphous (e.g., noncrystalline) form of matter intermediate between 
gases and solids in which the molecules are much more highly concentrated than in 
5 gases but much less concentrated than in solids. See, generally, Hawley's Condensed 
Chemical Dictionary, (11 th Ed., 1987). As discussed in further detail below, an 
amorphous liquid having a high viscosity can be used to advantage in compositions 
according to the present invention. The term "solid," when referring to carriers and 
coating compositions, includes a substance that does not flow perceptibly under 
10 moderate stress, has a definite capacity for resisting forces (e.g., compression or 
u tension) which tend to deform it, and, under ordinary conditions, retains a definite size 

and shape. See generally, Merriam Webster's Collegiate Dictionary (10 th ed., 2001). 
fy The coating composition, including the bioactive component and the carrier, 

= 1 should be non-fragmentary. That is, the coating composition preferably does not 

15 break down into solid, potentially harmful fragments when the coated stent is in the 
=" body. In certain embodiments, the biodegradable carrier is a liquid when it is part of 

!Z the coating composition residing on the stent outside the body. This liquid is 

fu incapable of breaking down into solid, potentially harmful fragments. In other 

fj embodiments, the biodegradable carrier is a solid that preferably becomes a liquid 

20 when introduced to the body (or shortly thereafter). For example, the carrier can be a 
solid at typical ambient temperatures (i.e., from 20°C to 30°C), and is preferably a 
solid at about 22°C, i.e., room temperature. It should, however, become a liquid at the 
temperature of a human body, which is approximately 37°C. In other words, the 
biodegradable component may be a solid outside a human body and a liquid inside a 
25 human body, so that it melts to form a liquid when inside the body. It is also 
contemplated that one skilled in the art may blend a biodegradable compound which 
is solid at typical ambient temperatures (or room temperature) with other components 
to form a carrier which can be either a liquid at ambient temperatures (or room 
temperature) or a liquid at the temperature of a human body. 
30 In yet a further embodiment of the present invention the coating composition 

comprises a nonpolymeric compound that is a solid at room temperature but becomes 
a liquid at or near body temperature. In particular, the coating composition comprises 
low molecular weight waxes and derivatives having a melting point at between about 
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30°C and 40°C, more particularly from about 35°C to 40°C and more particularly 
about 36°C to about 38°C. In preferred embodiments, the low melting solid is applied 
to the stent by heating the solid to above its melting point, then sprayed, painted, 
dipped, molded, or otherwise applied to the stent as a liquid and allowing the liquid to 
5 resolidify upon cooling at ambient temperatures. 

In another embodiment, two or more types of biodegradable compounds 
(polymers or non-polymers) may be blended together to obtain a liquid carrier for use 
in the coating composition. The biodegradable compounds can be liquids before they 
are mixed together, e.g., forming a homogeneous solution, mixture, or suspension. 
10 Alternatively, some of the biodegradable compounds may be solids before they are 
u mixed with other liquid biodegradable compounds. The solid biodegradable 

y compounds preferably dissolve when they are mixed with the liquid biodegradable 

flj compounds, resulting in a liquid carrier composition containing the different 

is l biodegradable compounds. In another embodiment, the biodegradable carrier 

15 component of the coating composition is a solid, which dissolves when mixed with 
a the biologically active component and any other components included in the coating 

composition. 

fy In certain specific embodiments, an important aspect of the biodegradable 

f~i carrier component is its viscosity. Generally, viscosity is a term that refers to 

20 thickness or resistance to flow. In quantitative terms, the biodegradable component 
should have a viscosity of from about 0.1 to about 15000 cP. A person skilled in the 
polymer chemistry art can use Brookfield viscometer to measure viscosity of variety 
of fluids. Whenever viscosity is discussed herein in quantitative terms, the term 
"viscosity" is defined according to an ASTM method describing viscosity 

25 measurement can be found in Test Method D2983-87 entitled "Standard Test Method 
for Low-Temperature Viscosity of Automotive Fluid Lubricants Measured by 
Brookfield Viscometer." 

Preferably, liquid stent coatings, such as those made from the materials 
described herein, have sufficient viscosity to withstand blood and other body fluids 

30 flowing against them without being washed off a stent, both during the insertion of 
the stent into the body and after the implantation of the stent at the desired site. 
Accordingly, in a preferred embodiment, the biodegradable carrier is a highly viscous 
liquid, e.g., an amorphous or even a "slimy" material that forms a liquid coating on 
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the stent. A viscosity of from about 0.2 to about 200 cP is preferred. Preferably, the 
viscosity of the biodegradable carrier results in a coating that is less likely to be 
removed from the stent by the shear forces created by blood flow past the stent than a 
coating including a biodegradable carrier having a lower viscosity. The various 
5 viscosities discussed herein are measured at 20°C. 

Biodegradable carriers and coating compositions according to the present 
invention are preferably hydrophobic so that the coating composition is not 
immediately dissolved and washed off the stent in the aqueous environment of the 
body. Hydrophilic and water-soluble biodegradable carriers and coating compositions 

10 may in some cases be used, but they are less preferred because of their tendency to be 
dissolved and washed off the stent more quickly than hydrophobic and water- 
insoluble biodegradable carriers and coating compositions. The term "hydrophobic" 
is defined according to its broadest recognized definition, and includes being 
antagonistic to water, and incapable of dissolving, or having limited solubility, in 

15 water. See generally, Hawley's Condensed Chemical Dictionary (1 1 th Ed., 1987). 

An important aspect of certain embodiments of the invention is the 
biologically active component. One or more biologically active components are 
included in the coating composition; preferably before the coating composition is 
applied to a stent. It is, however, contemplated that the biologically active component 

20 may in certain cases be combined with the carrier to form the coating composition 
after the biodegradable component is applied to the stent. As discussed above, the 
coated stent may be used to deliver a bioactive material to a localized area in a body. 
Preferably, the biologically active component is one that inhibits restenosis and/or 
prevents smooth muscle cell proliferation. Preferred examples of biologically active 

25 components are components that inhibit cell growth by affecting one of the steps 
involved in the cell cycle. Preferred components that affect the cell cycle are 
anticancer agents such as paclitaxel, immunosuppressant compounds such as 
rapamycin, antibiotics such as actinomycin D, and HMG-CoA reductase inhibitors 
such as cerivastatin. Other bioactive components forming part of the coating 

30 composition can include compounds such as antithrombin agents such as heparin and 
hirudin, calcium channel blockers such as colchicine, and compounds that promote 
endothelialization such as nitric oxide or nicotine. In a preferred embodiment, the 
biologically active component is hydrophobic and is easily dissolved in the 
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biodegradable carrier to form a hydrophobic liquid coating composition. It is 
particularly preferred that the hydrophobic biologically active component(s) have a 
low molecular weight, i.e., a molecular weight below 2000, and more preferably 
below 1000, which can be used to administer a localized treatment in the area of stent 
deployment. The treatment may be for a condition such as restenosis. 

In embodiments in which a biologically active component is included in the 
coating composition, the biologically active component itself may be a liquid. For 
example, vitamin E and nicotine (free base) are liquid at ambient temperatures (see 
Table 2) and may potentially have an anti-restenosis therapeutic effect. Preferably, 
the liquid biologically active component is biodegradable. In certain embodiments, 
the coating composition may consist essentially of the biologically active component, 
without a separate carrier component. In certain embodiments, the coating 
composition may consist of the biologically active component. 



Table 2 

Bioactive compounds that are liquid or low melting solids (Sigma-Aldrich 2000 
catalog) 



Substance Name 


Molecular 
weight 
(Dalton) 


Molecular 
formula 


Physical appearance 
at ambient 
temperature 


Vitamin E 


431 


C29H50O2 


Liquid 


Vitamin E acetate 


473 


C31H52O3 


Liquid 


Nicotine 


162 


C10H14N2 


Liquid 


Nicotine Hemisulfate Salt 


212 


C10H14N2. 
1/2H 2 S0 4 


Liquid 



As discussed above, the coating composition comprises a bioactive component 
and a biodegradable carrier component. Preferably, the coating composition 
comprises from 0.1% to 100% by weight of a biologically active component and from 
1% to 99% by weight of a biodegradable carrier component. More preferably, the 
coating composition comprises from 0.1% to 50% by weight of a biologically active 
component and from 50% to 99.9% by weight of a biodegradable carrier component. 
The coating composition can be prepared in a number of ways including by simply 
mixing the bioactive component and the carrier component together to form a 
mixture, e.g., a solution or suspension. Alternatively, the bioactive component and the 
carrier component together are mixed in a suitable solvent, the coating is applied to 
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the stent, and the solvent is removed. Preferably the coating composition is applied to 
the stent in its expanded state. 

Where a biologically active component is included in or on the coating 
composition, the biologically active component may compromise an HMG-CoA 
reductase inhibitor. In certain specific embodiments, a coated stent can comprise a 
stent and a coating composition comprising a substantially unreacted HMG-CoA 
reductase inhibitor and a carrier. The carrier in the coating composition may be either 
biodegradable or biostable. 

In one embodiment, the coating composition comprises a blend of an HMG- 
CoA reductase inhibitor and a liquid oil, which may be nonpolymeric or polymeric, 
capable of adhering to the inner surface 27 and/or the outer surface 28 of a stent 21 as 
shown in Figure 3. In another embodiment, the coating composition comprises a 
blend of an HMG-CoA reductase inhibitor and a polymer. These two ingredients are 
preferably blended, e.g., mixed thoroughly but not chemically reacted to any 
substantial degree. Preferably the HMG-CoA reductase inhibitor is substantially 
unreacted. The term "substantially unreacted," when referring to the HMG-CoA 
reductase inhibitor, means that the inhibitor does not chemically react with the oil, the 
polymer or any other component of the coating or the stent, to any degree that 
substantially reduces its biological activity, such as inhibiting restenosis, e.g., by 
inhibiting the proliferation of smooth muscle cells 14. Where the coating comprises a 
polymer, the reductase inhibitor is preferably physically bound to the polymer and/or 
to the stent, but not chemically bound to any significant degree. In a preferred 
embodiment, the carrier, whether liquid or solid, polymeric or nonpolymeric, is 
incapable of reacting chemically with the inhibitor, i.e., is totally non-reactive (inert) 
with respect to the inhibitor. 

The biologically active component, e.g., an HMG-CoA reductase inhibitor, 
should remain active even after being blended with the carrier to form the coating 
composition and after the coating composition is applied to the stent and the stent is 
sterilized. Further, the bioactive component preferably remains active when the 
coated stent is introduced into the body of a patient, e.g., through a lumen, remains 
active when it is released from the stent into the local environment. An "effective 
amount" of the HMG-CoA reductase inhibitor (or other bioactive component) means 
an amount that is sufficient when delivered to a localized area in the body lumen of a 
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patient to inhibit the proliferation of smooth muscle cells in a body lumen of a patient. 
An "effective amount" of the biodegradable carrier means an amount of the carrier 
sufficient to dissolve or suspend an effective amount of the bioactive component and 
to substantially coat the portion of the stent that is desired to be coated, preferably the 
5 entire stent. Preferably, the carrier has no functional groups that react with the 
bioactive component, e.g., an HMG-CoA reductase inhibitor, under the conditions of 
forming the blend with the HMG-CoA reductase inhibitor. 

In one or more embodiments, the carrier can be liquid at room temperature or 
it can be solid at room temperature but have a low melting point. It can alternatively 

10 or also have a specified high viscosity. In a specific embodiment, an HMG-CoA 
reductase inhibitor is provided in a nonpolymeric carrier. In another embodiment, the 
HMG-CoA reductase inhibitor is provided in a polymeric carrier, and the HMG-CoA 
reductase inhibitor may be physically bound to the polymer, chemically bound to the 
polymer, or both. The coating composition can be a liquid solution at room 

15 temperature, comprising the HMG-CoA reductase inhibitor and the polymeric or 
nonpolymeric carrier, and which may additionally comprise a solvent, which later 
may be removed, e.g., by drying. Alternatively, the coating composition may be a 
solid at room temperature and a liquid at body temperature. 

In certain specific embodiments, the coating composition preferably includes 

20 an effective amount of an HMG-CoA reductase inhibitor. More particularly, the 
coating composition preferably includes an amount of an HMG-CoA reductase 
inhibitor that is sufficient to be therapeutically effective for inhibiting regrowth of 
plaque or inhibiting restenosis. In one embodiment, the coating composition may 
comprise from about 1 wt% to about 50 wt% HMG-CoA reductase inhibitor, based on 

25 the total weight of the coating composition. Preferably, the coating composition 
comprises from about 5 wt% to about 30 wt% HMG-CoA reductase inhibitor. More 
preferably, the coating composition includes from about 10 wt% to about 20 wt% 
HMG-CoA reductase inhibitor. Any HMG-CoA reductase inhibitor may be used, but 
the HMG-CoA reductase inhibitor is preferably hydrophobic and selected from the 

30 group consisting of cerivastatin, simvastatin, lovastatin, atorvastatin, and pravastatin. 
More preferably, the HMG-CoA reductase inhibitor is cerivastatin. 

In one embodiment, the carrier of the coating composition is polymeric. In 
one embodiment, the coating composition comprises an effective amount of a 
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polymer, e.g., an amount sufficient to both dissolve or suspend the HMG-CoA 
reductase inhibitor and coat a desired portion of the stent. The polymer is preferably 
non-reactive with the HMG-CoA reductase inhibitor, i.e., no chemical reaction occurs 
when the two are mixed. The polymer may be a polymer having no functional 
5 groups, or may be one having functional groups, but none that are reactive with the 
HMG-CoA reductase inhibitor. To provide coatings in which HMG-CoA reductase 
inhibitors are physically rather than chemically bound to the polymers in the coatings, 
HMG-CoA reductase inhibitors and carriers are chosen such that they will not have 
functional groups that will react with one another under the conditions of blending to 

10 form the coating solution. In coatings created by these methods, the HMG-CoA 
reductase inhibitors are preferably physically bound to the carrier but not chemically 
bound thereto. Accordingly, the chemical or molecular structure of the HMG-CoA 
reductase inhibitors is preferably unchanged when they are mixed with polymers to 
form the coatings. Therefore, when the HMG-CoA reductase inhibitors are released 

15 from these coatings, they remain in their desired active forms. 

Liquid and low-melting polymers suitable for use as carriers in coating 
compositions according to the present invention may comprise a biodegradable 
polymer such as the biodegradable polymers discussed above. Alternatively, the low- 
melting polymer may comprise a biostable polymer, either alone or in combination 

20 with a biodegradable polymer. The term "biostable" is applied herein to any carrier, 
whether polymeric or nonpolymeric, and whether liquid or solid, that does not break 
down in the body. In preferred embodiments, biostable polymers that are preferred 
are biocompatible. Biostable low-melting polymers suitable for use in the present 
invention include, but are not limited to, silicone oils, prepolymers of polyurethanes, 

25 polyethylene glycol, polypropylene glycol, polyethylene, polybutadiene, prepolymers 
of polyurethanes, and other biostable liquids known in the art. 

In a preferred embodiment, the polymer used to form the coating composition 
is low-melting polycaprolactone. Polycaprolactone is biocompatible, and it has a low 
glass transition temperature, which gives it flexibility and allows it to withstand the 

30 temperature changes stents often experience during their formation and use. For 
example, nitinol stents are preferably cooled to a temperature of about -50°C so that 
they become flexible and can be compressed and fitted onto a catheter. A sheath 
placed over the stent (or another restraint such as a wire binding the ends of the stent, 
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prevents the stent from expanding as it is introduced into a patient's body at a higher 
temperature. The sheath or other restraint is removed at the site of the stent's use, and 
the stent re-expands to the size at which it is coated with a composition that includes 
polycaprolactone. Polycaprolactone, unlike some other stent coating materials, does 
5 not become brittle and crack throughout these fluctuations in stent temperature and 
size. Preferably, the polycaprolactone has a molecular weight between about 300 and 
2,000. The polymer may be a linear, branched, graft or dendramer polymer. The 
polymer may have different functional end groups but a functional group that is non- 
reactive with the bioactive componentsuch as an alkyl group is generally more 
1 0 preferred. 

In one or more embodiments, the carrier may comprise more than one 
compound. The coating composition may further comprise both a liquid carrier and a 
solid carrier. In a still further aspect, the coating composition may also comprise a 
liquid carrier havingmore than one type of nonpolymeric or polymeric compound, and 
15 may further comprise both a polymeric material and a nonpolymeric material in the 
liquid carrier. The liquid carriers in the coating composition may be either 
biodegradable or biostable. Biodegradable polymers which can be used include those 
discussed above. 

In a particularly preferred embodiment, the coating composition comprises a 
20 nonpolymeric liquid that remains a liquid after it is applied to the stent and the stent is 
deployed within the body of a patient, i.e., the coating liquid has a melting point 
below body temperature (37°C), preferably below 30°C, more preferably below 20°C, 
still more preferably below 10 °C. The liquid is preferably a viscous liquid that 
adheres to the at least a portion of the external surface 28 of the stent 22 in sufficient 
25 quantity to deliver a therapeutically effective amount of the bioactive component 
upon expansion in the body of the patient. In a preferred embodiment, the bioactive 
component is an HMG-CoA reductase inhibitor. Although the viscous liquid may be 
hydrophilic, in a preferred embodiment the viscous liquid is hydrophobic. 
Specifically, the carrier may comprise liquid Vitamin E and derivatives thereof, such 
30 as vitamin E acetate and vitamin E succinate. In another preferred embodiment, the 
viscous, hydrophobic liquid comprises a C4-C36 fatty acid or mixtures of such fatty 
acids, such as oleic acid or stearic acid, by way of nonlimiting example. In yet 
another preferred embodiment, the viscous, hydrophobic liquid comprises an oil. 
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Exemplary oils suitable for use in the present invention include peanut oil, cottonseed 
oil, mineral oil, low molecular weight (C4-C36), and other viscous organic 
compounds that behave as oils such as, by way of nonlimiting example, 1 ,2 octanediol 
and other low molecular weight alcohols and polyols. Olive oil has a viscosity of 84 
5 cP at 20°C. The viscosity of other materials is shown in Table 3 for reference 
purposes. 

Table 3 

Viscosity of various materials at 20°C 



Substance Name 


Viscosity 
(Centipoise) 


Water 


1 


Caster oil 


986 


Nylon resin melt 


100000 


Diethyl ether 


0.23 


Olive oil 


84 


Benzene 


0.65 



10 In a preferred embodiment, the HMG-CoA reductase inhibitor used as a 

bioactive component in the coating composition is cerivastatin. Cerivastatin is a very 
potent HMG-CoA reductase inhibitor. For example, when it is administered 
systemically, a therapeutic dose of cerivastatin is less than 1 mg per day, while other 
HMG-CoA reductase inhibitors must be administered in 50 mg doses. A thinner stent 

15 coating can be used if cerivastatin is the chosen HMG-CoA reductase inhibitor instead 
of other HMG-CoA reductase inhibitors because less of the bioactive coating is 
needed. For example, a stent coating preferably has a thickness of about 10-100 ^im. 
If less drug and less carrier for that drug are required to inhibit restenosis, a stent 
coating having a thickness of 10-25 jam can be used. A thinner stent coating may be 

20 preferred because it leaves more of the arterial lumen open for blood flow. Thinner 
coatings are also useful in preserving sidebranch access in the case of coronary 
arteries. Sidebranches are small blood vessels that branch out from a coronary artery 
and provide blood to some part of the heart. 

Cerivastatin has other desirable properties, in addition to its ability to inhibit 

25 the proliferation of smooth muscle cells that can contribute to restenosis. For 
example, cerivastatin has anti-thrombotic activity. Stents can often be sites of 
thrombus formation in the body because of the immunologically-triggered 
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aggregation of different cell types and blood components at the site of a foreign object 
in the body. Including cerivastatin in a stent coating may help prevent thrombus 
formation at the site of the stent. Cerivastatin also promotes endothelialization, or the 
repair of the endothelium 12 after it is damaged, such as by the delivery and 
5 expansion of the stent in an artery or other body lumen. It is contemplated that the 
endothelialization triggered by cerivastatin can help repair the endothelium, and thus 
reduce tears in the endothelium through which smooth muscle cells and other cell 
types can migrate into the arterial lumen and proliferate, leading to restenosis. 

As discussed above, other HMG-CoA reductase inhibitors may be used in 

10 these stent coatings. For example, fluvastatin, simvastatin, lovastatin, atorvastatin, 
and pravastatin may be used. While these compounds are known for their 
antihypercholesterolemic properties, it is believed that they may have other beneficial 
effects, such as restenosis inhibition or inhibition of smooth muscle cell proliferation, 
when they are delivered in a localized manner, such as from a stent coating. 

15 In one embodiment, the coating compositions described herein may include 

more than one bioactive component, preferably more than onetype of HMG-CoA 
reductase inhibitor. For example, a coating composition may comprise cerivastatin 
and lovastatin. In other specific embodiments, the stent coatings described herein 
may comprise one or more drugs or bioactive compounds which inhibit restenosis and 

20 are not HMG-CoA reductase inhibitors. These drugs include, by way of nonlimiting 
example, rapamycin, paclitaxel, and actinomycin D. It is contemplated that 
combining another drug with an HMG-CoA reductase inhibitor may provide a more 
effective coating composition for inhibiting restenosis than a coating composition 
containing only one restenosis inhibiting agent. 

25 Generally, the bioactive component is released from the stent by diffusion of 

the bioactive component from the carrier. If the carrier comprises a biodegradable 
polymer, the bioactive component is preferably released from the stent by the 
degradation of the polymer. A controlled release of the bioactive component from the 
coating can be achieved with a carrier comprising both a liquid and a solid through 

30 the relatively rapid release of the diffusion of the bioactive component from the liquid 
and a slower release from the solid. In a still further embodiment, a highly controlled 
delivery of the bioactive component can be achieved by a carrier comprising a liquid, 
a biodegradable (preferably solid) polymer, and a biostable (preferably solid) 
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polymer. An initial release of the bioactive component from the liquid may be 
followed by a slower release from the biodegradable solid, and a still slower release 
from the biostable solid. The diffusion rate can be monitored and the dose of the 
HMG-CoA reductase inhibitor can be adjusted to deliver the drug at a desired rate. In 
5 one embodiment, a higher dose of a bioactive component can be delivered over a 
short period of time by using a liquid that releases a known amount of the inhibitor 
within one to three days. In another embodiment, a higher dose of a bioactive 
component can be delivered over a short period of time by using a nonpolymeric 
carrier such as vitamin E. In another embodiment, the bioactive component can be 

10 delivered via a biodegradable polymer that degrades within a few days, e.g., low 
molecular weight polyglycolic acid, releasing the bioactive component by both 
diffusion and/or coating degradation. In another embodiment, the carrier may 
comprise a nonpolymeric liquid and a biodegradable polymer that is a solid at room 
temperature and a liquid at body temperature. 

15 Advantageously, the rate of release of a bioactive component from a liquid 

coating can be more easily predicted and is more consistent than the rate of release of 
a drug from other coatings in which the drug is chemically bound to the coating. 
With the coatings described herein, the bioactive component(s) are preferably 
physically released from the coatings, and thus not dependent on a chemical step, 

20 cleavage or hydrolysis, the rate for which could vary in different patients as well as 
within the same patient. 

In at least certain embodiments the coating compositions of the present 
invention release their biologically active components in the body both by diffusion of 
the bioactive compounds from the coatings and by degradation of the coatings. For 

25 coating compositions that degrade within a few days or weeks in the body, much of 
the release of the biologically active components occurs in this time frame. This time- 
release feature is advantageous because it is believed that a high dose of a biologically 
active component, such as an anti-restenosis compound or an antibiotic, delivered 
quickly can often be more effective than a lower dose delivered over a longer period 

30 of time. For example, bacterial infections are often treated with high doses of 
antibiotics as soon as the infection is detected. A high initial dose of antibiotics may 
kill all of the bacteria, whereas a lower dose of antiobiotics administered over a longer 
period of time often results in the selection for, and survival of, bacteria that can 
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survive in the presence of a low dose of the drug. Similarly, it is contemplated that if a 
low concentration of a biologically active component, such as a restenosis inhibitor 
which inhibits smooth muscle cell proliferation, is released slowly from a stent, some 
smooth muscle cells will still be able to proliferate and partially occlude the artery. 
5 Then, when the supply of the biologically active component is exhausted, this small 
group of smooth muscle cells will continue to proliferate and block a larger 
percentage of the arterial lumen. It is contemplated that this situation can be avoided 
or minimized using coating compositions described herein, because it is believed that 
the liquid coatings will be removed from the stent and degraded within a few days or 

1 0 weeks, and thus deliver a localized, high dose of a biologically active component in a 
short period of time. 

The liquid coating compositions described herein which are made from 
biodegradable materials will degrade in the body and be removed from the 
angioplasty balloon or stent. When these coating compositions degrade, they 

15 typically degrade into their molecular subunits without creating fragments that may 
irritate or damage the endothelium and lead to restenosis, possibly in areas remote 
from the site of stent deployment. Thus, these coating compositions provide safe, 
temporary coatings for stents. Also, the coatings typically provide a smooth surface 
for stents, which minimizes abrasion or tearing damage to the endothelium by stents 

20 during and after their implantation in the body. It is contemplated that minimizing 
damage to the endothelium minimizes the likelihood of the development of restenosis. 
The coating compositions may also protect the stent itself from chemical or physical 
damage in the body 

The coatings of the present invention are suitable for use on any known 
25 cardiovascular stent such as, e.g., the Palmaz stent disclosed in U.S. patent Nos. 
4,733,665 and 4,739,762. Other stents may also be used. Notwithstanding the 
foregoing, in a preferred embodiment, the coating compositions described herein are 
used on stents having struts, and further including a surface enhancing feature such as 
capillaries, grooves or channels in the struts, in which the coating composition can 
30 collect and be retained by surface tension. 

The coating compositions described herein preferably remain on a stent, 
partially or in substantial part, after the stent has been introduced to the body, for at 
least several days and more preferably for several weeks. In one or more specific 
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embodiments, the coating composition is a solid until it is placed in the body together 
with the stent, at which time it begins to melt to form a liquid, e.g., at 37°C. More 
preferably, the coating composition does not melt immediately upon insertion into the 
body, but melts upon reaching the site of its use. 
5 As discussed above, one type of medical device suitable for use in connection 

with coatings of the present invention is an angioplasty balloon. The liquid coating 
compositions described herein preferably remain substantially intact on an 
angioplasty balloon during the insertion of the balloon through the body to the site of 
its use. Some of the coating composition will be transferred from the balloon to the 

10 hydrophobic plaque at the occluded site in the artery when the balloon is inflated at 
the site of an artery blockage. This is advantageous because the biologically active 
component in the coating composition will be directly transferred with the carrier onto 
the plaque. In this manner, the biologically active component can be delivered 
directly to its desired site of use. In a preferred embodiment, the coating 

15 compositions are hydrophobic. When hydrophobic coating compositions are used, 
they tend to dissolve faster than non-hydrophobic coating compositions after 
contacting the hydrophobic plaque and, thus, more readily release the biologically 
active component. 

The coating composition comprising the carrier and the bioactive component 
20 can be applied to a stent in a number of different ways. Preferably, a stent is coated in 
its expanded form so that a sufficient amount of coating will be applied to completely 
coat the expanded stent. In a preferred embodiment, the coating composition is at 
least initially applied to the stent as a liquid. Spraying the stent with the liquid carrier 
results in a coating of uniform thickness on the struts of the stent. Where the coating 
25 composition comprises a polymer, the polymer is preferably dissolved in a suitable 
solvent to form a polymer solution and the stent is sprayed with the solution to 
provide the coating. Alternatively, the polymer solution may be painted on the stent 
or applied by other means known in the art, such as electrodeposition, dipping, casting 
or molding. In one embodiment, the stent may be dip coated or immersed in the 
30 solution, such that the solution completely coats the struts of the stent. In each of 
these coating applications, the entirety of both the outer and inner surfaces of the stent 
are preferably coated, although only portions of either or both surfaces may be coated 
in alternative embodiments. In one embodiment, excess coating composition is 
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allowed to drain from the stent. In another embodiment, the solvent may then be 
dried to yield a solid coating composition having a melting point of 50 °C or less, 
preferably at body temperature or less. In a preferred embodiment, the stent is dried 
at from 20°C to 30°C, preferably at room temperature, for a period of time sufficient 
5 to remove the solvent. The drying temperature should not be so high as to cause the 
polymer to react chemically with the HMG-CoA reductase inhibitor. 

Generally, coating a stent by completely coating the struts of the stent is 
preferred. Complete coating typically provides uniform distribution of a drug along 
the surfaces of the stent. The top coating may be used to control the diffusion of the 

10 drug from the stent. The thickness of the coating is preferably 0.1 microns to 2 mm, 
more preferably from 1 to 100 microns, even more preferably from 1 to 25 microns. 
However, to provide additional coating to effect release of higher doses of the 
bioactive component, grooves, capillaries, channels or other depressions in the surface 
of the stent or struts may be provided to increase the surface area and thereby provide 

15 sites of enhanced adhesion of the coating. 

As used herein, the term "solvent" is defined according to its broadest 
recognized definition and includes any material into which the carrier and/or the 
bioactive agent can dissolve, fully or partially, at room temperature or from 20°C to 
50°C. Methylene chloride is a preferred solvent for polymeric compositions. 

20 Methylene chloride's low boiling point facilitates removal from the polymer and the 
HMG-CoA reductase inhibitor at ambient temperatures by evaporation. However, it 
is contemplated that virtually any organic solvent that dissolves the polymer can be 
used. Solvents that can cause corrosion, such as highly acidic or basic aqueous 
solutions, are not preferred. Organic solvents that are biocompatible, have low 

25 boiling points and high flash points, are preferred. Other solvents that may be used 
include chloroform, toluene, cyclohexane, acetone, methylethyl ketone, ethyl formate, 
ethyl acetate, acetonitrile, n-methyl pyrrolidinone, dimethyl sulfoxide, n,n- 
dimethylacetamide, n,n-dimethyl formamide, ethanol, methanol, acetic acid, and 
supercritical carbon dioxide. 

30 In another aspect, the invention can include a method of coating a stent. A 

specific embodiment of the method includes providing a stent, providing a coating 
composition comprising a biologically active component and a carrier component that 
has a melting point of about 50°C or less, more preferably about 40°C or less, most 
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preferably body temperature (37°C) or less, and applying the coating composition to 
the stent. In another embodiment, the invention includes a method that comprises 
providing a coating composition that includes a biologically active component and a 
liquid carrier component which has a viscosity of from about 0.1 to about 15000 cP, 
and applying the coating composition to the stent. 

In a specific embodiment, the method of coating a stent comprises providing a 
stent, providing a coating composition comprising a blend of a substantially unreacted 
bioactive component and a polymeric or nonpolymeric carrier having a melting point 
of about 50°C or less, and applying the coating composition to the stent. Providing 
the coating composition may comprise mixing the bioactive component and a 
nonpolymeric liquid carrier. In one embodiment, the nonpolymeric liquid carrier 
comprises a C-6 to C-18 fatty acid, such as oleic acid or stearic acid. In another 
embodiment, the liquid carrier comprises a liquid selected from the group consisting 
of vitamin E, peanut oil, cottonseed oil, and mineral oil. In another embodiment, 
providing the coating composition may comprise mixing the bioactive compoent and 
a polymeric liquid carrier. In a further embodiment, providing the coating 
composition may include mixing an HMG-CoA reductase inhibitor, a low-melting 
polymer, and a solvent under conditions such that the HMG-CoA reductase inhibitor 
does not chemically react with the polymer, or does not react to any substantial extent, 
applying the mixture to the stent, and removing the solvent. Providing the coating 
composition may also include mixing the HMG-CoA reductase inhibitor, a polymer, 
and a solvent at a temperature of from about 20°C to about 30°C, preferably at about 
22°C. In another embodiment, providing a coating composition may include 
providing a solid coating comprising an HMG-CoA reductase inhibitor and a 
polymer. 

In one or more specific embodiments, the invention can include a treatment 
method, comprising deploying a coated stent into a body lumen of a patient, the 
coated stent comprising a stent and a coating composition that comprises a carrier 
component and a bioactive component, the biodegradable component having a 
melting point of about 50°C or less. In a preferred embodiment, the carrier is 
biodegradable, although biostable carriers may also be used. In other specific 
embodiments, the coated stent comprises a stent and a coating composition that 
includes a carrier component and a bioactive component, the carrier having a 
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viscosity of from about 0.1 to about 15000. In yet another specific embodiment, the 
coated stent comprises a stent and a coating composition that includes a biodegradable 
carrier component and a bioactive component, and the carrier is in a solid state 
outside of a human body and a liquid inside of a human body. 
5 In another aspect, the invention can include a treatment method comprising 

attaching a stent to a catheter, applying to the catheter and the stent a coating 
composition comprising a biodegradable carrier component having a melting point of 
about 50°C or less and a bio active component, and deploying the coated stent into a 
body lumen of a patient. 
10 In another aspect, the invention includes a method of treating an occluded 

s _. artery comprising providing a stent, providing a coating composition comprising a 

D low-melting nonpolymeric or polymeric carrier and a bioactive component in an 

ry amount effective to prevent or substantially reduce restenosis, applying the coating 

5 J composition to the stent, and deploying the stent in the occluded artery at the site of 

Nl 15 occlusion. Providing a coating composition may comprise dissolving or suspending 

in a nonpolymeric liquid or low-melting carrier an amount of an HMG-CoA reductase 
J: inhibitor effective to prevent or substantially reduce restenosis. In another 

fU embodiment, providing a coating composition may comprise dissolving in a 

U polymeric liquid or low-melting carrier an amount of an HMG-CoA reductase 

^~ 20 inhibitor effective to prevent or substantially reduce restenosis in an occluded 

vascular lumen. Where a polymeric carrier is provided, the HMG-CoA reductase 
inhibitor may be physically bound to the polymer, chemically bound to the polymer, 
or both. The coating composition may be a solution that comprises the HMG-CoA 
reductase inhibitor, the polymer, and a solvent. The solvent may be removed by, e.g., 
25 drying the stent or other methods known in the art. In another embodiment, the 
coating composition may comprise the HMG-CoA reductase inhibitor and a polymer 
having a melting point between 30°C and 50°C, and applying the coating composition 
to the stent may comprise melting the coating composition, spraying the melted 
coating on the stent, and allowing the coating to solidify. The coating composition 
30 may include an amount of the HMG-CoA reductase inhibitor that is therapeutically 
effective for inhibiting regrowth of plaque or inhibiting restenosis. More particularly, 
the coating composition may comprise from about 1 wt% to about 50 wt% HMG- 
CoA reductase inhibitor, based on the total weight of the coating composition. 
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In another aspect, the invention can include a method of treating restenosis, 
comprising inserting a coated stent into a body lumen, the coated stent comprising a 
stent and a coating composition comprising a substantially unreacted HMG-CoA 
reductase inhibitor and a low-melting, nonpolymeric or polymeric carrier, which may 
5 be a liquid or a solid. In one embodiment, the coated stent releases the HMG-CoA 
reductase inhibitor in an amount sufficient to inhibit the proliferation of smooth 
muscle cells. In another embodiment, the coated stent releases the HMG-CoA 
reductase inhibitor in an amount sufficient to inhibit restenosis. 

In another aspect, the invention may comprise a method of localized delivery 
10 of an HMG-CoA reductase inhibitor, comprising inserting a coated stent into a body 
H lumen, the coated stent comprising a stent and a coating composition comprising a 

jp* substantially unreacted HMG-CoA reductase inhibitor and a low-melting polymeric 

m or nonpolymeric carrier. In one embodiment, the coated stent releases the HMG-CoA 

hi reductase inhibitor in an amount effective to inhibit the proliferation of smooth 

i! 

15 muscle cells. In another embodiment, the coated stent releases the HMG-CoA 
f reductase inhibitor in an amount effective to inhibit restenosis. 

fy In another aspect, the invention can include a coated stent, comprising a stent 

[7 and a coating composition comprising a biologically active component and a 

Q biodegradable carrier component which may have a melting point of about 50°C or 

20 less, and a catheter which can be coupled to the coated stent to form a treatment 
assembly. 

In accordance with methods and compositions described herein, restenosis 
may be prevented or lessened using localized delivery of HMG-CoA reductase 
inhibitors from a liquid or low-melting carrier coupled to a stent placed in a body 

25 lumen. Preferably, metal stents are coated with a biocompatible coating composition 
comprising a carrier and an effective amount of an HMG-CoA reductase inhibitor. 
The coated stent can be deployed during any conventional percutaneous transluminal 
coronary angioplasty (PTCA) procedure. Controlled delivery from a stent of the 
active HMG-CoA reductase inhibitor, using a coating such as that described herein, in 

30 an effective amount, can inhibit the regrowth of plaque and prevent restenosis. While 
the stents shown and described in the various embodiments are vascular stents, any 
type of stent suitable for deployment in a body lumen of a patient may be used with 
the coatings described herein. 
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In certain specific embodiments of the coated stents and the methods 
described above, the coating compositions used may include more than one HMG- 
CoA reductase inhibitor or a restenosis inhibitor which is not an HMG-CoA reductase 
inhibitor. Preferably, these components are released from a stent in an amount 
effective to inhibit restenosis. 

EXAMPLES 

The following examples are included to demonstrate different illustrative 
embodiments or versions of the invention. However, those skilled in the art should, in 
light of the present disclosure, appreciate that many changes can be made in the 
specific embodiments which are disclosed and still obtain a like or similar result 
without departing from the spirit and scope of the invention. 

Coronary stents were provided by Baylor Medical School and Sulzer 
Intratherapeutics. Poly(lactic acid)-co-poly(glycolic acid) (PLGA) polymer was 
purchased from Boehringer Ingelheim. Methylene chloride was purchased from 
Aldrich. Sulzer Carbomedics, Inc. provided medical grade silicone rubber. 

Example 1 100 mg EVA (ethylene-vinyl acetate) polymer and 10 mg of 
cerivastatin were dissolved in 10 ml methylene chloride solution at room temperature. 
The solution was poured onto a glass plate and the solvent was allowed to evaporate 
for 12-24 hours. After almost complete removal of the solvent, the cerivastatin- 
loaded EVA film was removed from the glass plate and was cut to 1.5 cm by 1.5 cm 
size. The film was mounted on a Palmaz-Schatz coronary endovascular stent. 
Control EVA films were prepared in the following manner: 100 mg EVA polymer 
was dissolved in 10 ml methylene cloride solution at room temperature. The solution 
was poured onto a glass plate and the solvent was allowed to evaporate for 12-24 
hours. After almost complete removal of the solvent, the control EVA film was 
removed from the glass plate and was cut to 1.5 cm by 1.5 cm size. The control film 
was mounted on a Palmaz-Schatz coronary endovascular stent. Release profiles were 
obtained for the coated stents. 

Example 2 A 1 0% w/w solution of cerivastatin in vitamin E was created by 
the following method. Four (4) mg of cerivastatin was dissolved in one hundred 
(100) |al of methylene chloride. This solution was added to 36 mg of liquid vitamin E 
and mixed manually by stirring. The solution was allowed to stand at room 
temperature for one hour to enable the methylene chloride to evaporate from the 
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solution. The resulting cerivastatin/vitamin E mixture was used to coat three 
"Protege" stents by simple surface application. Approximately 10-12 mg of vitamin E 
and drug was deposited on each stent. 

Example 3 A coated stent prepared according to Examples 1 and 2 is 

5 immersed in an Eppendorf tube containing 1 ml phosphate buffered saline (PBS) and 
incubated on a rotator in a 37° C oven. Buffer exchanges are performed at 1, 2, and 4 
days following immersion in PBS. Collected samples are assayed for rifampin 
concentration using a UV-VIS spectrophotometer. 

Example 4 A 50 ml round bottom flask with a Teflon coated magnetic stirrer 

10 is flame dried under repeated cycles of vacuum and dry nitrogen. Two (2) g 
trimethylol propane, 1 1.68 g D,L-lactide, and 0.20 mg stannous octoate are charged to 
the flask. The flask is then heated to 165°C for 16 hours and then cooled. The liquid 
product is dissolved in 30 ml toluene and precipitated in large excess cold hexane. 
The precipitated polymer, which is a liquid at room temperature, is isolated and can 

15 be used in coating stents. 

Example 5 Polycaprolactone diol (MW 2000) (PCL 2000) is purchased from 
Aldrich. This polymer melts at approximately 60-70°C, depending upon its thermal 
(cooling) history and the degree of crystallinity in the bulk polymer. This polymer is 
insoluble in water. 

20 Example 6 Polycaprolactone triol (MW 300) (PCL 300) is purchased from 

Aldrich and used as received. This polymer is liquid at room temperature and is 
immiscible with water. 

Example 7 One (1) g of PCL 300, a liquid at room temperature, and 50 mg of 
PCL 2000, a solid at room temperature, are mixed to obtain a viscous mixture which 

25 is liquid at room temperature. The viscosity of the mixture is greater than the 
viscosity of PCL 300. 

Example 8 One (1) g PCL 300 (See Example 6) and 10 mg rifampin are 
added to a 2 ml glass vial. A 7 x 20 mm metal stent (Lot R0036203, Sulzer Intra 
Therapeutics) is added to the vial. The excess liquid on the surface of the stent is 

30 removed. The coated stent is then sterilized using ethylene oxide, compressed, and 
mounted on a balloon angioplasty catheter. It is then deployed at a diseased site in an 
artery using standard balloon angioplasty techniques and implanted at the site of 
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reduced blood flow or obstruction of the artery. The hydrophobic liquid layer on the 
stent releases the drug in a controlled fashion. 

Example 9 One (1) g PCL 300 (see Example 6)and 10 mg rifampin are added 
to a 2 ml glass vial. A paint brush is used to coat an angioplasty balloon surface with 
5 the PCL 300-rifampin mixture. The balloon is sterilized using ethylene oxide, 
compressed, and mounted on the balloon angioplasty catheter. It is then deployed at a 
diseased site in a coronary artery using standard balloon angioplasty technique. The 
coated balloon is expanded at the site of reduced blood flow or obstruction in the 
artery. The contact of the balloon surface with the arterial lumen wall transfers a 
10 portion of the liquid coating onto the wall surface as well as onto the material 
obstructing the arterial lumen. The hydrophobic liquid layer is transferred onto the 
lumen walls and onto the obstructing material, delivering the bioactive compound in a 
controlled manner. 

Controlled release studies were done to determine the integrity and activity of 

1 5 cerivastatin released from stents coated with a solid polymer carrier and cerivastatin, 
and a vitamin E liquid carrier and cerivistatin. Stents coated according to the process 
of Examples 1 and 2 were immersed in an Eppendorf tube containing 1 ml phosphate 
buffered saline (PBS) and incubated on a rotator in a 37°C oven. Buffer exchanges 
were performed at 1,2, and 4 days following immersion in PBS. Collected samples 

20 were assayed for the spectral characteristics of cerivastatin using a UV-VIS 
spectrophotometer. Cerivastatin released from an EVA and cerivastatin coated stent 
such as the stent of Example 1 and pure cerivistatin in deionized water had almost 
identical UV-VIS spectra, as shown in Figure 4, suggesting that the cerivastatin 
released from the stent was unaltered and thus remained biologically active. 

25 The release of cerivistatin from stents coated according to the process of 

Example 1 was monitored over 7 days, as shown in Figure 5. An EVA and 
cerivastatin coated stent such as the stent of Example 1 released >20 [ig/ml 
cerivastatin per day (see Figure 5), which is significantly higher than the 0.5 (ig/ml 
concentration needed to inhibit proliferation of smooth muscle cells. Thus, stents 

30 produced according to this invention release a sufficient amount of cerivastatin to 
inhibit the proliferation of smooth muscle cells which occurs during restenosis. 

The release of cerivastatin from stents coated with vitamin E according to the 
process of Example 2 was monitored over 11 days, as shown in Figure 6. A liquid 
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vitamin E and cerivastatin coated stent such as the stents of Example 2 released >20 
jig/ml cerivastatin per day. 

While the foregoing is directed to embodiments of the present invention, other 
and further embodiments of the invention may be devised without departing from the 
basic scope thereof, and the scope thereof is determined by the claims that follow, 
including equivalents. 
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